C" H2oN20 3, MW = 420, orthorhombic, Pbc21, a = 4.686(2), b = 16.784(8), c = 25 .924(10);\ , V = 2039;\3, dob• = 1.37 g cm-3 (flotation), d <oi< = 1.369g c m-" Z = 4. Th e struc tur e has been de te rmined by direc t metho ds and refin ed to R = 0.045 based on 141 9 independent refl ec tions. No crys tallographi c symmetry element is pr esent in the di xa nthylurea molecule . In fac t, the molecule is co nsidera bly distorted fr om a ny possibl e mirror sy mmetry. Th e molec ul es are hydr oge n bonded in an infinite chain along the a-axis. Th e co mpound is of interes t because of its role in th e a nalytical de te rminati on of urea .
Introduction
Dixanthylurea was prepared b y the procedure of Fosse [4] . ' A solution of urea in a queo us ace ti c acid was mix ed with a solution of xanthydrol in methan ol. Th e crud e product was recrys tallized fr om dimeth yl sulfoxid e. The sam ple was dri ed at 140°C; M.P. 283-285 dc. An a l ca lc. for C2,H 20 N20 J: C, 77.13; H, 4.79; N, 6.66. Found: C, 77.36; H, 4.89; N, 6.76.
The unit cell parame ters were d etermined fr om a leastsquares refin ement of 15 refl ecti ons measured on a 4-<:ircle diffractometer. The d ensity (flotation) was consistent with C2,H20N20 J and Z = 4. On the basis of the systematic extinctions observed on the diffractometer, the space group was de termined to be Pbcm(centric) or Pb c2, (acentric). A successful solution could be found only with the acentric space group.
A clear platelike crystal (0.29 X 0_14 X 0.04mm) was used for data collection. 1419 unique reflections were measured on an automated 4-<:ircle diffractome ter out to 8 = 57.3° using the bisec ting mode, e-28 scans, CuKa radiation (A = 1.54178,.\,) which was mon ochromated with a pyrolytic graphite crystal. Three refl ec tions, measured peri odically, sh owed no significant d ecrease in intensity during data collecti on. The data were correc ted for Lore ntz and polarization effects but not for ab sorpti on VA = 6.8cm-'). The trial mod el containing all atoms of the molecule was obtained with the program MULTAN [5] . The structure soluti on was obta ined by th e seque nce : tria l mod el, iso tro pi c refin e ment , differe nce ma p, bl oc k ma tri x a niso tropic refin ement. The a pproxima te position of th e hydrogen a tom on each nitrogen was d etermined fr om a difference map . In the refin e ment, however , these positi ons were calculated, as were the ben ze noid hydrogen atoms, ass uming trigo nal geo me try an d a bond length of l A.. The hydrogen a toms attached to C(2) and C(3) were ca lculated assuming tetrah edral geo metry and a bond length of lA..
The weighting scheme applied was based on counting statistics combined with an instrumental instability fa ctor. [15] ; the scattering fa ctors for C, 0, N were compute d fr o m num eri ca l Hartree-Fock wave fun cti ons [2] . The computer progra ms use d were fr om XRAY 76 [14] .
The mod el was r efin ed to a co nv entional R, based on F, of 0.045 and a weighted Rw of 0.035
Th e fun ction minimized was "Lw(Fo -/Fel)2 with w =
[a(FoW2, The average and maximum shift/ error on th e las t cycle of refinement were 0.27 and 1.69, respectively. An tion with diacetyl monoxime [3, 10, 11] , diacetyl [9] , or analysis of the difference map showed no peak greater than cyclohexane-1,2-dione dioxime (fluorescence spectra) [12] in 0.1Se A -3. Tables 1 and 2 list the final atomic parameters.
strong acid media. In a third method, urea forms the very insoluble dixanthylurea when treated with a solution of xan-
Discussion
thydrol (9H-xanthen-9-ol) in methyl alcohol in the presence of glacial acetic acid [4] . The insoluble precipitate may be On account of the biological importance of urea, methods estimated gravimetrically [4] , colorimetrically [1] or as to determine it have received much attention. Three meth-microcapillary columns of the dixanthylurea sediment [13] . ods are in general use: in one method, urea is hydrolyzed to A possible new method for urea determination, based on ammonia and carbon dioxide using urease. The ammonia dixanthylurea isotope-dilution mass spectrometry, is being is then titrated with standard acid [8] . In another method, evaluated at NBS in the Organic Analytical Research Divismall amounts of urea are determined spectrophotometri-sion. In work on this method, it was found necessary to accally (or colorimetrically) using either Nessler's reagent curately characterize, by single crystal X-ray diffraction, the (alkaline mercury potassium iodide) or following the reac-molecular parameters of dixanthylurea. (2) 2056 (2) 286 (12) 1005 (20) 514 (13) C.
4358(lO)
7174 (2) 732 (2) 5~ (26) 724 (28) 409 (22) -75(26) -18(24) -2lO(23) Bond distances a nd angles for dixanthylurea are given in figure l. A stereoview of the molecule is shown in figure 2 . There is a consi derable differe nce betwe en the ni trogen to carbon bond lengths. For example, N(1)-C(l) is l.355(6)A and N(l)-C(2) is 1.475(5)A. A similar difference was observed in monomethylurea [6] . These bond distances indicate that partial double bond character exists between N(I)-C (I) 
In the molecule of dixanthylurea there are a number of other planar co mp o nents. To assist in forming a visual picture of the molecule it is helpful to consider the angles that th ese planes make with one another. Table 3 shows that the four benzenoid rings and the urea group are planar and table 4 shows the angles that the various planes make with each other. Th ere is no crystallographic symmetry element within the molecule of dixanthylurea . In fa ct, from the various figures (especially fig. 4 symmetry that could relate the left and the right sid e of the molecule. The packing in the structure is illus tra ted in figure 3 . Molecules of dixanthylurea are hydrogen bond ed one to another 0 form infinite chains along th e a-axis . The hydrogen bonding within each chain is illustrated in figure 4 which shows that the oxygen atom of one molecule is hydrogen bonded to two nitrogen hydrogen atoms of an adjacent molecule. The 0(1) . .. N(l) and the 0(1) ... N(2) oxygen to nitrogen distances are 2.957 and 2.928A, respectively. A similar type of hydrogen bonding and N ... 0 distances were found in the packing of monomethylurea [6] a nd in phenylurea [7] . In addition to the 2: 1 complex dixa nthylurea, the 1: 1 co mplex has b een prepared.
We thank Vicky Himes for technical help. Th e figures were drawn using a local version of the ORTEP program of C. K. Johnson. The X-ray structure determination describ ed in this paper was supported by the Food and Drug Administration, FDA-NBS Interagency Agreement 224758253. • For rings RI, R2, R3, and R4, the least-squares plane is calculated through the six ring atoms. See figure I for atom and ring numbering. RI  11°  85°  81°  84°  R2  11°  88°  82°  73°  R3  85°  88°  13°  73°  R4  81 °  82°  13°  86° a The angles are given to the nearest degree. See Table 3 and Figure I for the ring and group definitions. 
